Introduction
Gynura bicolor (Roxb. & Willd.) DC., an edible plant with a good flavor, is widely consumed as a traditional vegetable in Asian countries. G. bicolor was also used for treating diabetes mellitus in folk medicine and pioneers investigated some bioactive components in this plant with modern techniques. It was reported that water-extracts of G. bicolor could significantly reduce the level of blood glucose in diabetes rats (Wang et al., 2013) . Hayashi et al. (2002) reported that hot water extract of G. bicolor inhibited proliferation of the HL60 human leukemia cell. In addition, G. bicolor water-extract and sub-fraction scavenged DPPH radical (Hayashi et al., 2002) . Shimizu et al. (2000) insolated three antioxidant anthocyanins from water-extracts of the G. bicolor. Excitingly, G. bicolor anthocyanins can be a natural food color with high stability and safety (Shimizu et al., 2000) . Besides anthocyanins, polysaccharides were important phytochemcals in the water-extracts from many medical plants. However, research on the polysaccharides from G. bicolor is rare.
Polysaccharides are polymeric biomacromolecules commonly composed of more than 10 monosaccharide units existing in plants, bacteria, algae and animals. Lots of healthbenefit polysaccharides have been isolated successfully from natural sources such as mushroom, Ganoderma lucidum and Cordyceps sinensis. These polysaccharides showed multiple and complex biological activities such as antitumor, anticancer, antioxidant and anti-inflammatory. Nie et al. (2013) and Wang et al. (2013) isolated polysaccharide with good antioxidant activities such as scavenging hydroxyl, reducing power, and superoxide anion radicals from Cordyceps sinensis and Phellinus nigricans, respectively. In addition, Mamani Chambi & Ferreira Grosso (2011) also inferred that polysaccharides are ideal materials for preparation of biodegradables functional films.
Hydroxyl radical is the most unstable radicals which can react easily with other substances in the body resulting in damages of adjacent biomolecules such as DNA, nucleic acid and proteins. These damages lead to human diseases such as cancer and aging (Halliwell & Gutteridge, 1989; Aruoma, 1998) . Antioxidant could be used to remove the hydroxyl radicals to make effective defenses of a living body against various diseases. Reducing power assay is widely used to assess the potency of a selected antioxidant. During the reducing power assay, the presence of reductants in the fractions could result in reducing Fe 3+ /ferricyanide complex to the ferrous form (Fe 2+ ) (Chung et al., 2002) . Transition metals, such as Co
2+
, Fe 2+ and Pb
, have been indicated that could trigger the process of free radical reaction to damage the cellular (Chen et al., 2012) . Thus it is necessary to prevent the case happen by introducing antioxidant to inhibit the activity of free radical. Some reports pointed that metal chelate could reduce the concentration of the catalyzing transition metal in lipid peroxidation, which means it plays an important role in antioxidant mechanisms (Qiao et al., 2009 ).
The objective of this study was to optimize the production of polysaccharides from leaves of G. bicolor (PLG). The antioxidant abilities of PLG were then analyzed by in vitro systems including reducing power, hydroxyl radical-scavenging and ferrous ion chelating abilities. 100 µl of crude polysaccharides solution was mixed with 300 µl concentrated sulphuric acid to initiated the reaction, following 60 µl of 5% phenol was added and the mixture was kept at 100 °C for 15 min, after cooling to the room temperature, the absorbance of the reaction mixture was measured at 490 nm using the spectrophotometer. The total polysaccharides content was calculated with D-glucose as standard.
Hydroxyl radical-scavenging activities
Hydroxyl radical-scavenging activities of polysaccharide from G. bicolor were determined according to previous method with slightly modification (Vissotto et al., 2013) . 0.5 ml of sample solutions with various concentrations were mixed with 1.5 ml of 2.0 mmol/L FeSO 4 , then 1.5 ml of 6.0 mmol/L H 2 O 2 and 1.5 ml of 6.0 mmol/L sodium salicylate were added. The mixture was incubated at 37 °C water bath for 30 min. The absorbance of the mixture was measured at 510 nm after cooling to the room temperature. VC was used as the positive control.
Reduction power
The reducing powers of polysaccharides from G. bicolor were determined according to the method described by Gulcin with minor modification (Gulcin et al., 2003) . Briefly, 1 ml of sample solutions with various concentrations were mixed with 2.5 ml phosphate buffer (0.2 M, pH 6.6) and 2.5 ml potassium ferricyanide (1%), the mixture was incubated at 50 °C for 20 min. Aliquots (1.0 ml) of 10% trichloroacetic acid was added to the mixture, and centrifuged at 4000 rpm for 10 min. After which, 2.5 ml of the upper layer of solution was mixed with 2.5 ml distilled water and 0.5 ml of 0.1% ferric chloride. The absorbance of the reaction mixture was measured at 700 nm using a spectrophotometer. Increased absorbance of the reaction indicates increased reducing power. VC was used as the positive control.
Ferrous ion chelating activity
Ferrous ion chelating activity was estimated by the decrease in the maximal absorbance of the iron-ferrozine complex (Dinis et al., 1994) . Briefly, 1 ml of sample solutions with various concentrations were mixed with 100 µl of 2.0 mmol/L FeCl 2 •4H 2 O solution and 3.7 ml distilled water. The reaction was initiated by the addition of 200 µl of 5.0 mmol/L ferrozine and after the mixture had reached equilibrium (20 min), the absorbance of the reaction mixture was measured at 562 nm using a spectrophotometer. EDTA was used as the positive control.
College of Bioscience & Biotechnology. A voucher specimen (No. GbLFCL22 ) is deposited at the College of Bioscience & Biotechnology, Fuzhou University, China. The sample was ground into fine powder using a grinder after natural drying in the sun at room temperature (22 -30 °C) for a day. The materials were stored at room temperature in a desiccator for further research. Ascorbic acid, ferrozine, EDTA, salicylic acid, ferrous chloride, ferric trichloride, potassium ferricyanide, ferrous sulfate and ethanol were purchased from Sigma Chemicals.
Extraction and purified of polysaccharides from the leaves of G. bicolor
Extraction and purified of polysaccharides from the leaves of G. bicolor was performed according to a previous method (Nour et al., 2014) . Briefly, the dry powdered leaves (10 g) were separately suspended in distilled water at the established volume and then stirred for extraction at the established temperature and time. The mixture was then centrifuged for 20 min at 5000 rpm. The supernatant was concentrated to 1/5 of the original volume by evaporation at 45 °C. Three volumes of absolute ethanol was added into the filtered solution and produced polysaccharide precipitate. The precipitated materials were collected by centrifugation for 20 min at 5000 rpm and then purified using the classic Sevag method (Sevag et al., 1938) .
Experimental design
Design of the experiment can not only reduce the experimental time and costs but economize the work. Effect of liquid-to-solid ratio, extraction time and temperature on polysaccharide production was preliminarily investigated by one-factor-at-a-time tests, which vary one independent parameter with fixing the others in a group of experiments. Then, the optimization process was performed with an orthogonal design, which was widely used for extraction optimization Martin et al., 2012) . Table 1 presented that the code and levels for each factor which may affect the yield of polysaccharides from the leaves of G. bicolor.
Statistical analysis
All measurements were performed in triplicate. Means were statistically analyzed using analysis of variance (ANOVA). The Duncan's New Multiple-range test were applied to determine the differences among the means. P values < 0.05 were regarded as being statistically significant.
Determination of polysaccharides content
The determination of polysaccharides content was done by phenol-sulfuric acid method (Masuko et al., 2005) . Briefly, 3 Results and discussion
Effect of liquid-to-solid ratio, time and temperature on polysaccharide production
It is needful and useful to perform one-factor-at-a-time tests, which vary one independent parameter with fixing the others in a group of experiments, to investigate the parameters towards the yield of polysaccharides. Some reports indicated that liquid-to-solid ratio, extraction time and temperature affected the yield of polysaccharides (Nie et al., 2013; Wang et al., 2014; Chen et al., 2014) . To find a suitable time, extraction was performed for 1-4h while keeping extraction temperature at 50 °C and liquid-to-solid ratio at 20:1. (Figure 1a ). As shown in Figure 1a , the extraction yield of polysaccharide from leaves of G. bicolor quickly increased from 1 to 2.5 h and the highest extraction yield was obtained at 2.5 h. The yield was leveled off in spite of further increasing extract time. Similarly, Figure 1b shows the effect of different between 10:1 and 50:1 (ml/g) on the extraction of polysaccharide and the extraction yield showed an obvious increase as the ratio increased form 10:1 to 30:1. Figure 1c shows a sharp increase in extraction efficiency as the temperature was increased from 40 to 70 °C and then leveled off with further increased. To save energy, temperature being lower than 70 °C was suitable.
Orthogonal experimental design for polysaccharide extraction
In order to study the relevance of variables and optimize the best condition for the extraction of polysaccharide from leaves of G. bicolor (PLG), an orthogonal experiment design was used to explore the best combination of liquid-to-solid ratio, extraction time and temperature (Table 1) . PLG yield and magnitude order of R (the index of Max Dif) were recorded in Table 2 . According to the results of the orthogonal experimental test, the order effects of all factors on extraction yield of PLG was A (extraction time) > C (temperature) > B (liquid-to-solid ratio). The optimum level of each factor can be determined according to the magnitude order of R (Bai et al., 2012) , thus the optimum conditions would be extraction time of 3 h, liquid-to-solid ratio of 30:1 (mL/g) and temperature of 80 °C.
Significance was investigated by Fisher's test and the corresponding ANOVA for PLG production is shown in Table 3 . Agreed with Max Dif analysis, the most relevant variable was extraction time followed by extraction temperature. The results pointed out that it is important to keep enough extraction time. To certify experimental reproducibility and realities for optimal combination, three additional verification tests under above optimal conditions were carried out. The maximum extraction yield of 4.9% based dry weight was obtained and this yield is higher than that of any experiment in Table 2 , which implied that a liquid-to-solid ratio of 30: 1 (v/w), a temperature of 80 °C and an extraction time of 3 h were really the most suitable conditions for PLG production.
Antioxidant activities of polysaccharide from leaves of G. bicolor

Hydroxyl radical-scavenging activities
In our study, dose-response curves of hydroxyl radical scavenging activities of the polysaccharide from leaves of G. bicolor (PLG) was shown in Figure 2 . The scavenging effect of PLG towards the hydroxyl radical was 90% at the concentration of 10 mg/mL. The IC 50 of polysaccharide from G. bicolor and VC was 4.67 mg/mL and 1.20 mg/mL, respectively. These results indicate that PLG should be explored as a promising antioxidant. Similarly, Jia et al. (2014) also verified that the hydroxyl scavenging activity increased with increasing concentration of Hawk tea polysaccharides. The EC 50 values of three polysaccharides products from the P. cocos were reported as 1.457, 2.109 and 1.754 mg/mL, respectively (Tang et al., 2014) . Figure 3 presented the dose-response curves for reducing power of the polysaccharide from G. bicolor. VC was a positive control, the IC 50 of polysaccharide from G. bicolor and VC was 4.31 mg/mL and 0.05 mg/mL, respectively. Reducing power is not the main antioxidant point of PLG. Similar results have been deduced by Kozarski et al. (2012) who evaluated the antioxidant activities of polysaccharide from G. lucidum. Kozarski et al. (2012) proved the reducing power of the polysaccharide from G. lucidum increased as the concentration increased from 0.1 to 5.0 mg/mL and reached a highest level of 3.2 at 5.0 mg/mL. that G. bicolor polysaccharides could be a promising source of natural antioxidant and be contributor to the health benefits of G. bicolor.
Reducing power
Ferrous ion chelating activity
In our study, we purified the polysaccharide which was extracted from G. bicolor and analyzed the ferrous ion chelating activity. As shown in Figure 4 , the ferrous ion chelating activity increased as the concentration of the extract increased. The effect on the chelating activity was above 90% at the concentration of 1.0 mg/mL. EDTA was a positive control, the IC 50 of polysaccharide from G. bicolor and EDTA was 0.24 mg/mL and 0.03 mg/mL, respectively. It was reported that metal ion chelating ability of polysaccharides may be due to the formation of cross-bridge between carboxyl group in uronic acid and divalent ion (Ge et al., 2014) .
Conclusions
In summary, G. bicolor is an ideal source of antioxidant polysaccharides. A liquid-to-solid ratio of 30: 1 (v/w), a temperature of 80 °C and an extraction time of 3 h were found to be optimal for antioxidant polysaccharide extraction from leaves of G. bicolor. The antioxidant abilities of G. bicolor polysaccharides mainly appeared as hydroxyl radical-scavenging activity as evidenced by IC 50 of 4.67 mg/mL. The results suggest 
